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(57) Abstract: 

PURPOSE: To improve resolution by forming a projection 
optical system of an optical system having a reflection 
type lens, and fully filling entirety or part of an 
optical path of the projection system included between a 
surface of a board and the projection system with medium 
having 1 or more of specific refractive index to the air 
in the wavelength of a light. 

CONSTITUTION: A beam 12 generated from a KrF 
excimer laser 11 is emitted to a mask 3 via a beam 
shaping optical system 13 and an illumination optical 
system 2. A light passing through the mask 3 is exposed 
on a board 5 via a reflection type contraction 
projection lens 7. The lens 7 is a Schwarzschild type 
optical system having a numerical aperture of 0.3 to 
focus the mask 3 on the board 5. The entire system from 
the irradiating side of the illumination system to the 
board via the mask is installed in a liquid vessel 14, 
and water is fully filled in the vessel to fill the 
water in the optical path. Then, a pattern is 
transferred to a positive resist film coating the Si 
board by using a projection exposure apparatus to form a 
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* NOTICES * 
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precisely. 
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3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the approach of forming a pattern on the above-mentioned substrate by irradiating at a 
mask the light which emitted the light source through an illumination-light study system, and 
carrying out image formation of the pattern on the above-mentioned mask to up to a substrate 
according to projection optics The pattern formation approach characterized by filling with a 
medium with the bigger rate of specific refraction to the air in the wavelength of the above- 
mentioned light than 1 the whole optical path or a part of the above-mentioned projection optics 
which constitutes the above-mentioned projection optics according to the optical system containing a 
reflective mold lens, and includes between the above-mentioned substrate and the above-mentioned 
projection optics at least. 

[Claim 2] It is the pattern formation approach that the above-mentioned medium is a liquid in claim 

[Claim 3] It is the pattern formation approach that the wavelength of the above-mentioned light is 
150-250nm in claim 2. 

[Claim 4] In the aligner used in case a pattern is formed on the above-mentioned substrate by 
irradiating at a mask the light which emitted the light source through an illumination-light study 
system, and carrying out image formation of the pattern on the above-mentioned mask to up to a 
substrate according to projection optics The projection aligner characterized by filling with a 
medium with the bigger rate of specific refraction to the air in the wavelength of the above- 
mentioned light than 1 the whole optical path or a part of the above-mentioned projection optics 
which constitutes the above-mentioned projection optics according to the optical system containing a 
reflective mold lens, and includes between the above-mentioned substrate and the above-mentioned 
projection optics. 

[Claim 5] The projection aligner which forms a transparent septum between the above-mentioned 
projection optics and said substrate, and divides the above-mentioned medium into an optical-system 
and substrate side in claim 4. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the pattern formation approach for forming the 
detailed pattern of various solid-state components, and the projection aligner used for this. 
[0002] 

[Description of the Prior Art] In order to improve the degree of integration and working speeds of a 
solid-state component, such as LSI, detailed-ization of a circuit pattern is progressing. The reduced- 
projection-exposure method excellent in mass-production nature and definition ability is widely used 
for such pattern formation now. 

[0003] The optical system of a reduced-projection-exposure method is typically shown in drawing 2 
(b). The light which emitted the effective light source 1 on a secondary surface of light source is 
irradiated by the mask 3 through the illumination-light study system 2, and image formation of the 
light diffracted with the pattern on a mask 3 is carried out on a substrate 5 with the contraction 
projection lens 4. What a contraction projection lens usually becomes from the combination of a 
refraction mold lens is used. Since the resolution limit of this approach is proportional to exposure 
wavelength and it is in inverse proportion to the numerical aperture (NA) of a projection lens, 
improvement in the resolution limit has been performed by a raise in NA, and short wavelength- 
ization. Conventionally, after 64-megabit DRAM, the circuit dimension became smaller than the 
wavelength of light, and exposure light has reached the physical limitation, although g line 
(wavelength of 436nm) of a high-pressure mercury lamp and i line (wavelength of 365nm) have 
been used. 

[0004] as the approach of on the other hand increasing effectual NA of the optical system of a 
microscope etc. — immersion (oil immersion) — law is known. By being filled up with the liquid (an 
oil usually being used) which has the bigger refractive index n than air between the tip of a lens, and 
a sample, this approach sets wavelength of light to 1/n effectually, and raises resolution. The 
application to the optical lithography of this approach is discussed by for example, the collection of 
the 53rd Japan Society of Applied Physics academic lecture meeting lecture drafts, the 2nd separate 
volume, and the 472nd page (1 992). 

[0005] On the other hand, the approach using reflective mold projection optics, such as a step and a 
scanning method, as another gestalt of the projection aligner for optical lithographies is examined. It 
is not based on wavelength but this optical system is a maximum of 0.7. To NA with big extent, 
implementation is made possible and it is very promising as a future aligner. In this method, 
although a refraction mold optical element is used for a part, since chromatic-aberration amendment 
is possible, it exposes in the comparatively large wavelength field of 245-253nm of a xenon mercury 
lamp. For this reason, stabilization of wavelength is not needed by any means with narrow-band- 
ization of a precise laser wavelength spectrum like a excimer laser stepper using the conventional 
full refraction mold optical system, and multiplex cross protection and the standing wave 
effectiveness can be reduced. Moreover, it is the practical big features that exposure area is also 
large. 

[0006] The optical system of a step and a scanning method is discussed by the 14th page from the 
12th page (TECHNICAL INFORMATION INSTITUTE, Tokyo, 1991) of a resist ingredient process 
technique. 
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[0007] 

[Problem(s) to be Solved by the Invention] By the way, refraction mold objective lenses, such as a 
microscope used with the above-mentioned conventional immersion method, are designed by 
dedication on the assumption that it is filled up with the liquid of a predetermined refractive index 
between a lens tip and a sample. The same of this situation is said of the case of the lens for 
projection exposure, and it is necessary to design the projection lens corresponding to immersion 
specially as an exclusive lens with a design which is completely conventionally different from a lens. 
Here, suppose that the liquid restoration field 6 ( drawing 2 (b) shadow area) between the tip of 
conventional-type dioptric lenses other than for immersion and a substrate (or sample) was 
temporarily filled up with the liquid of a refractive index n. In this case, although wavelength is 
effectually set to 1/n, in order that the angle of refraction in a lens tip may decrease according to a 
Snell's law, the optical path of a beam of light changes like the broken line of drawing 2 (b), and 
effectual NA decreases. For this reason, resolution does not necessarily improve. And there was a 
problem that it was very difficult to reconcile with big NA peculiar to an immersion lens a large 
exposure area demanded in the lens for steppers. 

[0008] It is desirable to shorten exposure wavelength as much as possible on the other hand, in order 
to improve the resolution of optical lithography further. However, both the exposing method by 
conventional-type dioptric system and the reflective mold projection exposing method had the 
problem that ArF excimer laser (wavelength of 193nm) will become the limitation of practical short- 
wavelength-izing from the limitation of the permeability of an optical material. 
[0009] It is to offer the pattern formation approach which can be improved to a limit in the resolution 
of the projection exposing method, the purpose of this invention acquiring the improvement 
effectiveness in resolution equivalent to having short-wavelength-ized effectually simple, and 
securing a large exposure field, without changing greatly the configuration and optical system of an 
aligner of a conventional type. 
[0010] 

[Means for Solving the Problem] In the approach of forming a pattern on the above-mentioned 
substrate by this invention's irradiating at a mask the light which emitted the light source through an 
illumination-light study system, and carrying out image formation of the pattern on the above- 
mentioned mask to up to a substrate according to projection optics, in order to attain the above- 
mentioned purpose The optical system containing a reflective mold lens constitutes the above- 
mentioned projection optics, and the whole optical path or a part of the above-mentioned projection 
optics which includes between the above-mentioned substrate and the above-mentioned projection 
optics at least is filled with a medium with the bigger rate of specific refraction to the air in the 
wavelength of the above-mentioned light than 1 . 
[0011] 

[Function] It considers changing the refractive index of the medium which fulfills the whole optical 
path of the catoptric system shown in drawing 2 (a). Drawing 2 (a) transposes the refraction mold 
contraction projection lens 4 in drawing 2 (b) to the reflective mold contraction projection lens 7. In 
drawing 2 (a), the continuous line and the dotted line showed respectively the optical path of a beam 
of light when the refractive index of a medium is small, and the optical path of the beam of light in 
the case of being large. The optical path in catoptric system is decided only by the shape of surface 
type of a reflective lens according to the law of reflection, and is not based on the refractive index of 
a medium. Therefore, even if it changes the refractive index of a medium, the geometrical optics- 
property of optical system, such as numerical aperture, does not change at all. On the other hand, if 
the matter of the rate n of specific refraction to a vacuum is used as a medium, wavelength will be 
effectually set to 1/n. Consequently, effectiveness equal to only wavelength having become short 
substantially is acquired, in addition — although perfect catoptric system was assumed and explained 
by drawing 2 (a) since it was easy - partial - dioptric system - business - a potato is good. 
[0012] Moreover, a medium is 1 .2, in order that it may be desirable for the refractive index to 
exposure wavelength to be large as much as possible and it may acquire sufficient resolution 
effectiveness. It is desirable that it is above. Moreover, it is substantially transparent to exposure 
wavelength, and it is desirable not to have a bad influence on an optical element and a resist. 
Specifically, organic solvents, such as water or alcohol, and a straight chain hydrocarbon, silicone 
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resin, the liquid that dissolved the inorganic compound or the organic compound in these further, the 
various liquids currently conventionally used in an immersion microscope, the immersion method of 
determination of index of refraction, etc. can be used. 

[0013] In addition, since there is a possibility of having a bad influence on the image formation 
property of optical system when a refractive index changes with fluctuation of the temperature of a 
medium, a consistency, etc. in optical system, as for these temperature etc., controlling carefully is 
desirable. Since a substrate is especially scanned to optical system by scan optical system, it is 
desirable to take care so that an image formation property may not change with the flow of a 
medium. 
[0014] 
[Example] 

(Example 1) The reflective mold projection aligner by one example of this invention is shown in 
drawing 1 . The laser beam 12 generated from the KrF excimer laser 1 1 is irradiated at a mask 3 
through the beam plastic surgery optical system 13 and the illumination-light study system 2. The 
light which passed the mask exposes a substrate 5 through the reflective mold contraction projection 
lens 7. Reflective mold reducing glass is a numerical aperture 0.3. By the Schwartz SHURUDO 
mold optical system, image formation of the mask 3 is carried out on a substrate 5. However, the 
optical system in drawing is typical strictly, and is not what showed the configuration of actual 
optical system faithfully. Here, the whole optical system from the injection side of an illumination- 
light study system to a substrate through a mask was installed in the interior of a liquid container 14, 
and into the liquid container, water was filled and it was filled up with the optical path with water. 
[0015] Next, it is 0.35micromL/S as a result of imprinting the pattern of various dimensions using a 
projection aligner on the positive-resist film (PMMA, 1 micrometer of thickness) applied on Si 
substrate. The pattern has been formed. For the comparison, when water was removed from optical 
system and having been exposed in air, the resolution limit retreated to 0.5 micrometers. 
[0016] In addition, the method of the wavelength of an aligner, the class of light source, and a 
projection lens and a numerical aperture, the class of medium, the resist process to be used, a mask 
pattern dimension, etc. are not limited to what was shown in this example. For example, a high- 
pressure mercury lamp and a xenon mercury lamp may be used instead of excimer laser. Moreover, 
into a liquid solution, it may replace with water and a perfluoroalkyl polyether etc. may be used. 
While this liquid was transparent on exposure wavelength, the sensitization property of a resist was 
not affected at all. Moreover, it may replace with PMMA also as a resist and a suitable novolak 
system positive resist, a chemistry multiplier system resist, etc. may be used. 

[0017] (Example 2) The reflective mold projection aligner by the second example of this invention is 
shown in drawing 3 . The laser beam generated from ArF excimer laser (not shown) is irradiated at a 
mask 3 through beam plastic surgery optical system and an illumination-light study system (not 
shown). The light which passed the mask exposes a substrate 5 through the scanning catoptric 
system 21. Scanning catoptric system is numerical aperture 0.7. It is a step and scanning mold 
optical system, and image formation of the mask 3 is carried out on a substrate 5. However, the 
optical system in drawing is typical strictly, and is not what showed the configuration of actual 
optical system faithfully. Here, the field 22 shown with the slash in drawing within the optical path 
of projection optics was filled up with water. 

[0018] Next, it is 0.1 ImicromL/S as a result of imprinting the pattern of various dimensions using a 
projection aligner on the positive-resist film (PMMA, 1 micrometer of thickness) applied on Si 
substrate. The pattern has been formed. The resolution limit is 0.15 micrometers, when water was 
removed from optical system and it exposed in air for the comparison. It retreated and the 
effectiveness of this invention was checked. 

[0019] (Example 3) In the projection aligner of an example 2, as shown in drawing 4 , the parallel 
plate 31 of a quartz divided the optical-system and substrate side. In order that the flow of the liquid 
medium produced when a substrate is scanned to optical system or a step feed is carried out by this 
might not attain to an optical-system side, the effect of fluctuation etc. of a refractive index was 
suppressed and the dimensional accuracy of a pattern improved. In addition, to the spherical 
aberration generated by quartz aperture insertion, it amended beforehand. 

[0020] (Example 4) In the projection aligner of an example 2, as shown in drawing 5 , the quartz 
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parallel plates 32 and 33 were formed between optical system and a substrate, and the liquid 
container was divided into the optical-system side liquid container 34 and the substrate side liquid 
container 35. Furthermore, it was made to perform the scan or step feed to the optical system of a 
substrate 5 the whole substrate side liquid container 35. Thereby, since the liquid flow near the 
substrate was also controlled, the effect of fluctuation etc. of a refractive index was suppressed and 
the dimensional accuracy of a pattern improved further. 

[0021] In addition, when applying the configuration by this example to an example 1, the same 

device also as a mask side can be established. 

[0022] 

[Effect of the Invention] In case a pattern is imprinted on the above-mentioned substrate by carrying 
out image formation of the mask pattern to up to a substrate according to projection optics according 
to this invention, while the optical system containing a reflective mold lens constitutes projection 
optics By filling the whole optical path or a part of projection optics including between a substrate 
front face and projection optics with a medium with the bigger rate of specific refraction to the air in 
the wavelength of light than 1 Improvement in resolution equivalent to having short- wavelength-ized 
effectually simple can be aimed at without changing greatly the configuration and optical system of 
an aligner of a conventional type. Thereby, the resolution limit of optical lithography is improved 
about 30%, and it is 0.15 micrometers. It becomes possible to form the following patterns. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The explanatory view of the principle of this invention. 
[Drawing 2] The explanatory view of the aligner by one example of this invention. 
[Drawing 3] The explanatory view of the aligner by the second example of this invention. 
[Drawing 4] The explanatory view of the aligner by the third example of this invention. 
[Drawing 5] The explanatory view of the aligner by the fourth example of this invention. 
[Description of Notations] 

2 [ ~ A reflective mold contraction projection lens 11/- Excimer laser, 12 / - A laser beam, 13 / - 
Beam plastic surgery optical system, 14 / - Liquid container. ] ~ An illumination-light study system, 
3— A mask, 5 — A substrate, 7 
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DRAWINGS 



[Drawing 1] 
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[Drawing 3] 




[Drawing 4] 




[Drawing 5] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



10/26/2006 



JP,07-220990,A [DRAWINGS] 



Page 3 of 3 



05 




[Translation done.] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 1 0/26/2006 



09>B*BfcfWf (J P) 



« 2 > & ffl I* 3fc *B ^) 



#H¥7- 220990 

(43)&§8B spjfc 7 ^(1995) 8^183 



(51)Inta f 




F I 




H0 1L 21/027 








G 0 3 F 7/20 


5 2 1 








7352 -4M 


HO 1 L 


21/ 30 5 1 8 




7352-4M 




5 15 D 








St*«®»S OL (£ 5 M) 




»K¥6-8I36 


(71) USA 


000005108 








««!C#*tB£6fft?r 


(22)ffifilS 


¥f*6^(i994) i^28H 












mm * 














































(74)f^A 


IBS 



(54) mm<o%m rt*->M0&jmRzf*om%Mm 



(57) 

[*M&] «flEtc«»W«:JSjft«bl/fc©iR*OlBflW7 
*3 0%Hgl6)±U O . 1 5 urn feTF©'* 



mi 




1 

? tcMSt L . ±f 3-7 7, Z ±<D' < 2 - > J: 

# 1 <fc o &/«M-c«fc-r c «t wmt t % - > 

ff5)^^. 10 

tit*a3 ] it5i<a2(c*ic»-c. ±fB7c©i&6{j l 5 o 

--2 5 Onm-Cfe5^f->Mm 
*)mW±^8i&21tZ>Ctt l cj:K) ±f 2S8Lk dc / < £ - > 

[#SiE©S¥*i£j:l&«8] 
[0 0 0 1 ] 

[0 0 0 2 ] 

[ o o o 3 ] ii 2 ( b > icm^&&mit&(D %&mzm 
/ < * - > ic j: o hst s titcmm>m& u > x 4 k <t o 40 
mmff-imjm&tktmL. &i£u>x©hp& (n 

A) fcJSJ:bf(^^fcsb t HSN AittmmmtlcJ:K>MWi. 
=ylyy'<DsU m&4 3 6 nm) , ia()8S3 6 5n 

m ) en-c t 6 4 > #t* 'j h d r a mm$ 

[ 0 0 0 4 3 -ft. gr$i^©;fc^©^l*)& N A * 50 



7-220990 

2 

tg^s-ezft-mtLx. jgactt?a)ffi* s *o6iT,-ct^. 
coft-mt. u>x©5fcas«ts#tt©iatc£MJ: »j a 

£ tc <fc 9 . 3©»KJCC;jfe©iRS* 1 /n i LTWf£K£[S] 
±3 it*., C©:£&©. *'/y^77 -^©JcfflW:. ffl 
^5 3@l£;ffl!Kia^^ii|!jfiiI^|gj||^», 0 
2#W. S472I (1 9 9 2¥) (tiftC f>*iT l>-5>. 

[0005] 7t >; v ^7 -7 ^ m<omsn^tms.<D 

mt&L&tC£h-¥&C±0 .7 fig©* t?SrNA£ "0113! 
oltfeiStl. W*©gi:)^M<hLT#^t^ST-*3„ 

&RgJiIE*niJ8Bttfc«>. «*.«. *-fe^>7K§B^>X 
©245~253nm<H> mf£ttJEl>jfegMJ*TK:3fe 
=&tf"5„ C©fc&. fi£3S©^SWS7c^^ffl<,»-Sx 
*->-7 U — <f X 7- / <©«ttfWf U — tf ifcS* 

[0 0 06] ^7-^7"7> F^f t>Mffl^SB, 

1 9 9 130 ^1 2IipP.Il AM^ChinX^ 
[0007] 

>X5feSil*f4©rd1{i:^©®5f^©i«»^7caTS C 

t*mmkLxmmicmgtzHtct><Dx&2>. tomm 
im&mitm u > x©«^ fcp]«-c* o , mmotcon 

>XiLrl#Si|{£:i§;|fr-2»^*^€.o cct. {gic^g 

»ffl«ji-©fie*saja*r u>x©5t^is^ (x«t«f4) 
©r^©?sf*7£«^ti6 (@2 <b) M^si5») icmmm 

1 / n tc -5 x * JU©^IijCcSti, i b> X5fcis3fc:fc y 
-SilJfll*ia^-rSfc!St>. 7cl^©^:»g«0 2 (b)©« 

©A * N A t Will $ it ©!•*# tot 03H -C* £ £ I > *> 
[0 00 8 ] --ft. it V J V"? V 4 ©P^K^rS 6CC|6] 

±-r s tc a . H7cffifi =&r- ^ ^> wjg < -r s c i tm t 

rFi+WU-f (jggl 9 3 nm) tfUffllft&jElig? 
[000 9 ] *mBM<DE&lt. g£*S©S^SIg©fllfiR 



3 

•s c i #s aim* ,< $ - ymixfi&z&mT h c t tc* 

[0010] 

<£ 9 StS±M5(t3 -li £ C t ic J: 0 iisa^icc^ - 

Xt-J-§I5£. ±fB*©$fi(cfoW&^(C;tt*£]:ttl»f 
[0 0 1 1 ] 

mm] H2 (a) icm?mMft^(omk±fczmtc 

-rmn<D®1fimzmtZii2>Ct%:i%Z.Z>. @2 (a) 

«. mz (b) cc*jc^?,®*fMSi/hta:iJu>x4?ris:*t 

(a) tcfcHT. ®S©/S^*Vh3l»it-£©:£;|g©3fc 
Sei I >»£©:fti£?©#8e£& * »f? £ .£ttrc>it 1/ 

fi£->-t. SSSoS^^fb^-tt-cfc. panels 

»fii««i!iwjci/nia4. c©$sm. newtcjgs 
2(a) -ctismofcift^^ssi^^^^orsi 
[00123 itcmma. njt&mcti? zmmmw-e 

-S/ctotC, 1 .2 «Jb-C,&£C<h/OiMSL.t,>„ X. 

* FKBK»*#ilttC»C £#M2 H->. SftWKtt. 
W*.tf. *, XWTJl>=i-;U, S3IpHb*5?t^©Wt£fg 

[o o i 3 ] &*$. ^^•tJT'jSHojatt^afisswj* 

P. if tc J: 0 JB#r*»sSMtr £ £ - #£*©*S«fctt(c» 

*9W-rac£*«a*u». i^c. 
«t*fbTS«£;£gf £©-«:. &St©«iEnk: «£*)*§<£& 

[0 0 14] 
[fUSfeW 



(3) OTf 7-220990 

4 

g^HHCTrrr. K r Fi+i'Vl — -*f 1 1 
/cU-ifjt 1 2 *. tr-ASBKjfe^Jfi 1 3 RVMWft¥ 
^2^/M,-C-7^^3{CM*tTS. vxi'^jiiML/cTt 
tiJ£Sl^?§/MSf£U>X7 5:^btSfi5 SrfSTfc-r*,, 
5«gSti/M/>X«BBn»0 .3 (D!^ K 
S5fe^«-C. •7^^3*a^5±(C$£^3-t+-2.„ {It. 

H*©3fc£3iH:*< *-c6l5Sffj&4>©-e*«3 . *^©?t 

^©W^.SJ|tC7S0/c^©-C(J^(,» o CCT. BSBJJ 

10 t*£®ft£g§ 1 4 ©rt3|Bc«B L . iKWESS^tc**^ 

[0015] ^(C. g:i5IS7^g?:fflC»-C. S i 
icmiBLtcXisMl'i/X VmwmMIW-l urn) CcHI* 
&^tt©><*->*IE¥Lfcl&*. 0.35«raL/S 

*b^a4i-CS?t^f^/c<bC5^tfeKW«0 .bum 

[ooie]ft*». njmsa>&&. ytmomm, nm 

©tcRBSbfet,*. Pl^lJ. !f©ft*>»nc. 

j||B^-C* -5 <t i 4> V V>7, Y <Dm%W&K^. < wtm*^ 
Z.t£fr-?tc. X. uyxhiLtfe, PMMACcf^-T 

[0017] (S£S£0I2 ) *^6HJ©m— ©*SfeW«:J; -5 
30 SS*32g:iJS^^a?ra3CCm-r. A r Fi+^U- 

^»SC;JB"J!*^» (HntttT) ?r/rbr-7Xi/3{cBI 
S*^- 5 „ v ^ f 4 ji j@ U fc#tt jfe3EHKIt#** 2 1 ^Sr 

0.7 ©Xr^r> F^*-f>M3t^-C. vxi73 
£S*5±ta£t£3-H£., fit. 0*©7t;^«*<S 

ufcfc©r«*u. cct. ss5^^©*gsrt©ia* 
40 [0018] #tc. au«je««s:fflc»r . s i as± 

{C^7iJtfc4<^MU^^ MjSCPMWV.Ji;? 1 /ini)K, fil 
^^^©^'^-^^e^LfcfeS. 0.1 ldmL/ 
S '<»->«]Krirc*A:. tt$5©/cst). jfe¥$#>6;fc 

15 Mm Cc^iSL. ^H^©xfi^5p|g,snfc e 
[0019] (Xfitffl 3 ) *SfeC?!l2 ©SPifS^gicte 

50 K©«*i*«*9fi*«k:RACi!W«cl»fcA. ®*t*©M 



(4) 



7-220990 



[0 0 2 0 ] (0gJl£W 4 ) KSHiM 2 4>&KS£SK(C*i 

3 2, 3 3«Rtt. jR»SS**¥»flB«#SS3 4 4 
S&ffiiKtt38 3 5 tc#f I Lfc. SCC«« 5 CWfe^fcK: 

atr sssxB^f -y *. scMKass 3 5 cr 

[0 0 2 1 ] Ccfc, 4gftMMicj:«1IMK«3ftlkM l <cji 
[0022] 



* ©ifcgtcfcwa^SUctt-r 4tkJl*f**s 1 
Mri«/c-r CitCfcf). f&lffi<Dft£iaK)4ttt 

Ufc©<tl^©JiS»;fcft±*0£t<fc#r*5. ChK 

<fc 0 . ytvvitvy 4 <omms.m 3 0 %*igitn±L , 

0 . 1 5 wm fclT©/<*->*»J«T5C4*J?ra&4& 

[01] *§m<DWM<Dmjm. 

[02] 3fcJ6W<D— HSfeP«iC<fcS3:j£^g©ift9J0. 

[03] *mi<Dm-<Dnnmtcj:zny£giS<Dmi 
0. 

[04] #&?l©li!=©3ISt0!lK:J:.&&#£tE©i&93 
0, 

[05] *mi<Dmmo}2mmicj:zsftmE<Dmw 
0. 

3 •••-?*£». 5 7-KtiSOt 
'HS:!?5U>X. 1 1 -i+WU- If, 12-V-V 



[0i ] 
01 



I2] 




W WW 



12 3 7 




*tt Aft 

awa*-*^**^** WW 



(b) 















r 









aflsw****^* 'WW 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 



£3 BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 



□I LINES OR MARKS ON ORIGINAL DOCUMENT 
□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



/ 





OTHER: 



